Several cultures of north-central Nigeria do not use community cemeteries. Instead, human remains are buried in and around family compounds, often in shallow and sometimes unmarked graves. At several locations, graves and drinking water wells end up too close to be presumed environmentally safe. This paper reports findings of a pilot study that explored the potential for groundwater contamination from gravesites in some rural settlements of north-central Nigeria.
INTRODUCTION
Increased pressure on water reserves, from both a rapidly growing world population and climate change, threatens the future of water resources in many parts of the world Common among these rural environments are traditional beliefs that encourage the burial of deceased family members in and around living quarters (village compounds).
For most of north-central Nigeria, cemeteries are a rare sight even in cities. This is because the cultures of most ethnic groups demand that a deceased person be returned to their ancestral village for burial. The selection of village grave sites, however, is based on longstanding traditions rather than environmental considerations. Over time, graves become scattered throughout village landscapes and, because many are not marked with a permanent structure, some are hardly recognizable as grave sites after only a few years. Ultimately, graves and water wells often end up very close together, sometimes within a few meters of each other. From an environmental and health perspective, this close co-location of wells and graves is risky because contaminants can migrate from a grave into the shallow hand-dug drinking wells that serve as the primary source of cooking and drinking water in these villages.
In contrast to the developed world, where environmental laws are generally more stringent and burial practices tend to be highly regulated, Nigerian environmental laws are somewhat fuzzy and rarely enforced.
Thus, in rural areas, local traditional/cultural burial practices often prevail even when they violate government regulations. This, I believe, stems from a general lack of scientific awareness among rural people regarding the implications of their traditional burial practices on the environment and, ultimately, human health. In fact, a careful review of the literature reveals a paucity of research on the problem that burial practices pose to groundwater purity in Africa. Elsewhere, a number of studies (e.g. However, historically, the depth of a grave is determined by the age and social persona of the deceased (Gundu ). Thus, a child or a less wealthy person may be buried in a shallower and or poorly-finished grave. Due to European influences however, the practice of grave marking (erection of beacons) is increasing. Prior to colonial contact, graves were simple pits closed to form mounds; there were hardly any grave makers and the grave was for all practical purposes not intended to be a permanent structure (Gundu ). Without permanent markers several graves were no longer recognizable after only a few years.
This study is motivated by concerns that stem from the combination of these factors.
METHODOLOGY
Because this was a pilot study, only a few representative sites were selected for data collection. Groundwater samples were collected from drinking wells at four rural settlements and townships, including Adeke Village, Apir, Gboko, and Katsina Ala (K/Ala) (see Figure 1 ). All sampled wells were the hand-dug type because they are the most commonly used by the people. Boreholes are uncommon since the majority of the populace cannot afford them. A well was selected for sampling if it was in close proximity to one or more graves (<25 m away), with occasional sampling of distant wells as controls. Figure 3 shows two examples of grave location relative to drinking wells in the study area.
At each site, a hand-held GPS unit was used to record the coordinates of both the wells and the graves. Next, the surface diameter of the well and the depth to the water 
RESULTS AND DISCUSSION
Of the 33 samples collected, 27 (82%) tested positive for bacterial contamination. Among these, two samples out of the control group of four wells were bacterial contaminated but both had no phenol content, which may suggest that the proximity of wells to grave sites might play a role investigation is needed to make the connection. For all 14 samples, no formaldehyde, a major embalming chemical, was detected. It must be noted however that these results may be limited because they stem from a pilot investigation that focused on a few selected sites and utilized the basic methods of analyses. A more robust study is needed to obtain a better picture of the impacts that gravesites may have on groundwater quality in the entire study region.
Nevertheless, the results obtained meet the study objective, which was to establish that groundwater contamination from gravesite leachate was possible. Subsequently, a broader investigation involving a larger number of wells in varied geologic settings and the analyses of more chemical and also physical parameters of water quality will be pursued. The next phase will also involve both microbial analyses and geoelectrical surveys that will help determine if groundwater contamination at a location is attributable to gravesite leachate. 
CONCLUSION
This pilot study was carried out to explore the potential implications of the cultural burial practices among rural societies of north-central Nigeria on groundwater quality.
Water samples were collected in several hand-dug wells used for drinking purposes that are located close to graves where human remains have been buried. The goal was to determine if groundwater contamination from embalming and or wood preservation chemicals used for coffins, or from bacteria in decomposing human corpses, is a possibility. A microbial analysis showed that most of the wells are contaminated with bacteria although there is no evidence at this point to link the contamination to graveyard leachate. Water chemistry analyses found phenol concentrations to be significantly higher than the drinking water limit, which may be suggestive of graveyard influence.
While preliminary, these results suggest that there is potential for groundwater contamination in the vicinity of gravesites in the study area and thus point to a critical problem that must be addressed with urgency.
